The Mkoji sub-catchment is the most populated sub-catchment in the uppermost part of the Rufiji basin in Tanzania, with critical users downstream, and it is vulnerable to water shortages. Despite the efforts made by governmental and non-governmental organizations in forming and supporting water user associations, little is known about their role on water resource management in the country. This study aimed to investigate the role of water user associations on the restoration of decreased environmental flow and degraded aquatic ecosystems in Tanzania, taking the Mkoji sub-catchment as a case study. Six water user associations were assessed, focusing on their strategies and influence on restoration, land use, ecosystem degradation, and their role in climate change mitigation strategies. Data were collected from various sources using interviews, focus group discussions and questionnaires. The Spearman correlation test was used to seek the relationship between the flow and the aquatic ecosystem. Statistical results showed that there was no correlation between the flow and rainfall, and there was a correlation between freshwater ecosystems and the flow. The results showed that 89% of the sample population accepted the decrease of the flow while 75% accepted the decrease of the fish catch in the freshwater ecosystem of the study. Based on the results obtained, the paper concluded that water user associations are doing a great job in management and restoration while politics, funding, and water permits were the main obstacles. Therefore, the government should play a role in restoring the ecosystem, bridging the gaps between farmers and animal keepers, land use planning, and developing aquaculture.
Introduction
Competition for water resources among different users in water basins creates challenges in managing and allocating these resources. According to the Brisbane Declaration of 2007, environmental flows describe the quantity, timing, and quality of water flows required to sustain freshwater and estuarine ecosystems and the human livelihoods and well-being that depend on these ecosystem flows [1] . The definition took a broad view including transboundary resources. The pressure of water uses has deteriorated both the quality and the quantity of the resources and worsened the environmental flow situation in many rivers across the world, which has highlighted the need for better and more sustainable basin management.
Before the 1990s, the environment was not considered to be a rightful user of water in Tanzania, and environmental flow was not in place in the management of the water resources. Not only Tanzania, but most countries failed to incorporate environmental goals in their productivity goals, which led to an inequality between water security, environmental conditions and ecosystem services [2] .
Despite the efforts made by governmental and non-governmental organizations in forming and supporting WUAs, little is known about their role in water resource management. Furthermore, the extent to which the formation of WUAs restored environmental flows or improved water resource management is also unknown. The study contributed to the gap left by other researchers identified during the literature review whilst researching WUAs. This paper, therefore, aimed to investigate the role of the WUAs as stakeholders in the IWRM plan and in the restoration of the decreased environmental flow and the degraded freshwater ecosystems in Tanzania, taking the Mkoji sub-catchment as a case study. The study assessed the status of the environmental flow and its degraded ecosystems in the basin. The findings helped in highlighting the knowledge gap among the WUAs about climate change, variabilities in water resources and the different impacts of land uses. It was also important to study the effectiveness and sustainability of the water resources for the development and for the ecosystem in Tanzania and how WUAs can disseminate the information (or advice) to the public.
Methodology

Study Area
Tanzania is bordered by Burundi, Rwanda, Uganda, Kenya, Mozambique, Malawi, Zambia, Congo and the Indian ocean ( Figure 1 ). The Mkoji sub-catchment (MSC) of the Ruaha River Basin in Tanzania, shown in Figure 2 , with about 150,000 people in 3400 km 2 , is located in the southwest of Tanzania between the latitudes 8 • 10 0" and 9 • 5 0" south, and longitudes 33 • 35 0" and 34 • 10 0" east. MSC is one of the uppermost sub-catchments of the Rufiji river basin (Figure 1 ). Its upper zone receives water from the Poroto and Chunya mountains. The climate of the studied area is unimodal, with two seasons: a rainy season between November and April and a dry season between May and October. The annual rainfall ranges from 600 mm to 800 mm in the lowlands and 1500 mm in the highlands. MSC is characterized by a various number of water users from upstream to downstream, which has intensified the pressure on the water resource and to some extent caused conflicts between users, especially during the dry season. Water uses include irrigation, domestic and livestock (76, 18, and 6%, respectively) [21] The available water resources during the rainy season are estimated to be 3190 Mm 3 . Socioeconomic activities in the area include crop production, livestock keeping, fishing, business, and some industries.
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Data Collection and Analysis
Qualitative data were collected in the villages that cover the six water user associations, namely Mkoji, Mambi, Mlowo, Gwili, Mpolo and Mswiswi. Random sampling was done on upstream, middle and downstream waters users for each zone, while a purposive method was used for the selection of the interviewees and groups for the focus-group discussion. The purposive method was used by focusing on people with good knowledge and understanding about the WUAs and conservation activities.
About 216 questionnaires were distributed among WUAs and villagers from the entire study area. The questions focused on collecting different views from association members and water users in general and determining the perceptions of people on the associations. Out of the 216 questionnaires, 136 were from individuals from WUAs and 80 were from individuals from villages.
Interviews with WUA leaders, water basin managers and NGO workers in the restoration departments and the environmental flow research were carried out during the data collection as key informants. Focus group discussion (FGD) was used to collect data from water basin officers and other staff as well as staff from the natural resource office, villagers and WUAs (a group of five to seven people was involved in the focus group discussion).
We used the triangulation approach to analyze the collected data, which facilitates the validation of data through cross-verification from two or more sources [23] , based on other studies such as [24] [25] [26] , to obtain data on the role of water user associations. Secondary data was used to validate the 
We used the triangulation approach to analyze the collected data, which facilitates the validation of data through cross-verification from two or more sources [23] , based on other studies such as [24] [25] [26] , to obtain data on the role of water user associations. Secondary data was used to validate the primary data collected. The triangulation method gave us the opportunity to validate the primary qualitative data collected in the study.
Secondary data was taken from reports and documents from basin offices, environment and natural resources departments and NGOs that are working in the basin. Reports from governmental offices about the flow of the river were collected and used as quantitative data, while rainfall data were taken from Tanzania Meteorological Agency (TMA). Fisheries data were taken from the department of fisheries of the Mbarali district in the Mbeya region to determine the condition of the ecosystem.
Then, the qualitative data was analysed in a narrative form, after being collected, classified, summarized and tabulate, while the quantitative data was analysed by a correlation method (Spearman's correlation) to assess the relationship between the environmental flow and the degradation of the ecosystems using Statistical Package for Social Science (SPSS) software. Ecosystem goods and services in the area quantify the status of the degradation of the ecosystem.
Results and Discussion
WUAs Strategies on Restoration
WUAs in Tanzania have three main tasks: (i) the collection of water fees, (ii) the maintenance of the infrastructure, and (iii) the scheduling and distribution of water. For the restoration of the environmental flow in MSC, most of the methods used by WUAs were the same. However, there were some differences due to their bylaws. WUAs have their own strategies, which are based on the environmental management act and the water resource management act, which guided them in managing water resources and the environment in general.
The results showed that villagers and WUAs were aware of the decrease of the flow in the rivers and its tributaries, as follows: 58% of the respondents were aware of the critical decrease of water flows within the sub-catchment, 31% reported that the decrease was not critical, 5% were not aware of any decrease, and 6% strongly disagreed about the decrease of the flow in the river. This is shown in Figure 3 .
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During the interviews and the focus group discussion, respondents reported on the use of the climate resilient crops in some of the areas and the cultivation of short-term seeds of rice that take Water 2019, 11, 141 6 of 13 a short time to mature without exhausting the land. Most of the farmers from the lower zone of the sub-catchment reported cultivating seeds that take a short time to mature so they can harvest them before the dry season and avoid encroachment of the flood plains and water source areas for cultivation. All the respondents from WUAs in the lower zone reported that they played a good role in educating farmers about the seeds to be used based on their availability and the irrigation time. A total of 77.08% of the respondents who were not from the WUAs agreed that they received information and education from WUAs regarding water availability and suitable seeds for cultivation, while 22.92% disagreed and reported that they got the information from the government extension workers who were working in their areas; see Figure 4 . However, WUAs collected their money for the irrigation schemes operations.
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For the management and the conservation of the water resources, WUAs used to fence-off all the restored and vulnerable water resources, dig up the buried springs and allow water-flow rotation during the dry periods for irrigators to ensure equity. This was done by considering the environmental flow within the sub-catchment and after the sub-catchment boundary for the Ihefu wetland downstream. However, users blamed WUAs for the shortage of water despite their payments while WUAs blamed the sub-catchment authority for granting permits to users that exceeded the capacity of the rivers, which was reported during FGD.
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WUAs were involved in the mission of banning illegal fishing and the replanting of riparian vegetation in all rivers within the sub-catchment. WUAs reported that illegal fishing was one of the major problems causing the decrease in the flows because fishermen diverted the rivers and closed the rivers to catch fishes. Fishermen made rectangle-shaped ridges in the rivers to catch fishes by pumping all water in those rectangles out. Encouraging afforestation and reforestation for carbon sequestration, WUAs planted about 166,500 trees between 2007 and 2017 with an average of 27,750 trees per association and an average of 2775 trees per year. WUA leaders reported being aware of the role of trees on climate change mitigation when they emphasized that they distributed tree seedlings to the villagers on World Environmental Day. All the WUAs surveyed reported their contribution in increasing awareness in villages about environmental conservation and the importance of water resource management to people and the environment in general.
The Effect of Land Uses and Flow Change on the Environmental Flow and the Ecosystem
A total of 83.3% of the respondents agreed on the decrease in the flow of the water in the sub-catchment, explaining it to be critical in the dry season, while 16.7% of the respondents said that there was an increase in the flow within the sub-catchment. The increase in the flow was reported to be the result of WUA activities in the area after the restoration of some of the water sources, which were already dried up before the engagement of the WUAs in water resource management. From the Mkoji juu association, it was reported during FGD that the restoration activities had revived the flow of the Shamwengo water resource and increased the flow to the Ipatagwa river. Land use activities were reported to be the reason behind the decreasing flows and increasing ecosystem degradation. Table 1 presents dates of dryness and flow resumptions for some rivers in the Mkoji sub-catchment. 
Agriculture
All the respondents from the middle and the lower zones of the sub-catchment reported that they noticed a zero flow in their areas during the dry season. During the FGD that was conducted in the lower and middle zones of the sub-catchment, the participants agreed that the water decrease was due to the extension of the agriculture activities. The interviews showed that 83% of the respondents agreed that agriculture activities were the main reason behind the decreasing water flow in the river, as shown in Figure 5 . Participants also agreed that the growth of agriculture activities contributed to the degradation of the ecosystem due to traditional agriculture practices. In this regard, most farmers tended to cut down forests to extend their farms, which extended the cultivating areas to reach the flood plains and along the river banks. This extension degraded the riparian ecosystems and blocked the way for the aquatic fauna to move up and down the stream. The increase in water abstraction for irrigation decreased the flow and reduced habitats and refugia for the aquatic animals, hence degrading the ecosystem as a holistic system. From the department of agriculture and the water basin, it was reported that there was an increase in the number of irrigation schemes from 18 in 2009 in all six associations in the sub-catchment to 37 in only five associations out of six within the area [21] . The zero flow in the Mkoji river itself cut the connections between the downstream and upstream ecosystems of the aquatic ecosystem. Water 2019, 11 FOR PEER REVIEW 9 Figure 5 . Change of the river flow in the Mkoji sub-catchment. Table 2 showed that the levels of some parameters are higher than the allowable limits. Looking into all water resources, the levels of coliforms were higher than the normal allowable ranges for the country. The presence of total coliform in water indicated the presence of poor sanitation in these areas. Grazing along the water resources, as it was reported, was one of the reasons for the presence of these coliforms in water. Turbidity and colour were also shown to be very high due to the extension of agriculture activities around the water resources.
In places where there were improved irrigation schemes, such as in Ipatagwa, Motombaya, Luanda Majenje and Majengo, the irrigation committees were more active and responsible for the allocation and management of irrigation water use. The area under rainfed agriculture was identified to be larger in the lower Mkoji followed by the middle Mkoji, while the upper Mkoji zone had the smallest area under rainfed agriculture compared to all other zones of the sub-catchment. This could be due to the fact that a large amount of water was used in the upper Mkoji, which ends up mostly in the middle part of the sub-catchment.
Livestock Keeping
After making the land near the Ihefu wetland a reserved area, livestock keepers had to move to Mkoji, which became populated with animal keepers. The increase in livestock reduced the land's carrying capacity and increased water loss through evapotranspiration. During the FGD, it was reported that cattle grazing near water resources was one of the causes of riparian ecosystem degradation. A total of 75% of the questionnaires reported on the decrease in the fisheries in their rivers due to illegal fishing. A total of 72% of questionnaire respondents reported on the loss of riparian vegetation in most of their rivers. Out of those respondents, 55.8% described it as a critical decrease while the rest said it is a normal decrease.
Settlement and Infrastructure Development
The increase in human population expanded settlement over green areas and changed the land cover, which caused a change in the flow regime in the rivers and the ecosystem of the area. Reducing the green areas for settlement increased the bare lands and soil erosion due to the lack of the compactness of the soil particles. During the FGDs, respondents were aware of the soil erosion taking place in the area and its effects on the flow. It was reported that people built their houses in the course of seasonal rivers during the dry period, which changed the water flow during the rainy season. Rivers such as the Mlowo and Gwiri valley in the Lwiwa area changed their flows and had no waterways, which forced the water to flow over the land during the rainy season. Changes in the flow and overflowing of water decreased fishing and destroyed the fish habitats and the nursery ground. Data On the other hand, responses from the departments of agriculture and irrigation mentioned that the presence of both traditional and developed irrigation schemes in the area and the increase in the number of irrigation schemes in the sub-catchment decreased the flows. These results were the same in 2005 as those presented by [27] .
The department of natural resources under the forests office and the environmental office reported that the environmental destruction in various areas was due to human activities, which reduced water quality as well, as shown in Table 2 . They spotted that the Matajiwazi area was the most destructive, while the Mromboji River was reported to be dried up in every dry season. Source: internal document from the water basin office. Table 2 showed that the levels of some parameters are higher than the allowable limits. Looking into all water resources, the levels of coliforms were higher than the normal allowable ranges for the country. The presence of total coliform in water indicated the presence of poor sanitation in these areas. Grazing along the water resources, as it was reported, was one of the reasons for the presence of these coliforms in water. Turbidity and colour were also shown to be very high due to the extension of agriculture activities around the water resources.
Livestock Keeping
Settlement and Infrastructure Development
The increase in human population expanded settlement over green areas and changed the land cover, which caused a change in the flow regime in the rivers and the ecosystem of the area. Reducing the green areas for settlement increased the bare lands and soil erosion due to the lack of the compactness of the soil particles. During the FGDs, respondents were aware of the soil erosion taking place in the area and its effects on the flow. It was reported that people built their houses in the course of seasonal rivers during the dry period, which changed the water flow during the rainy season. Rivers such as the Mlowo and Gwiri valley in the Lwiwa area changed their flows and had no water-ways, which forced the water to flow over the land during the rainy season. Changes in the flow and overflowing of water decreased fishing and destroyed the fish habitats and the nursery ground. Data from the fisheries office showed that fisheries' production dropped from 700 tonnes per year to 216 tonnes per year in 2017. Settlements in the river ways decreased water quality due to the poor sanitation, as shown by the water quality data from the water basin office.
Infrastructure development altered the river flow regime, degraded the riparian vegetations and destroyed the aquatic ecosystems. Modifications of these rivers were reported to be among the reasons affecting the flow and the aquatic ecosystem in general. During the FGDs that were conducted in the lower zone of the sub-catchment, it was reported that the construction of the irrigation schemes in the upper zones was the main reason for the water over-abstraction, which decreased the flow downstream to reach zero flow in some rivers during the dry season. From the questionnaires from the lower zone of the sub-catchment, 82% of the respondents reported a decrease of flow due to the modification of the river and the regulation of the flow by the developed irrigation schemes that were built in the upper zone. The data showed that, during the years 2003 and 2004, the Lwanyo and Mlowo rivers had coefficients of abstractions of almost 100% and 95%, respectively (the coefficient of abstraction means the proportion of water allowed from various uses to allow the continuity of the environmental flow in the rivers).
Climate Change Effects and Variability for Environmental Flow and the Ecosystem
All the respondents were asked if they are aware of climate change and variability. The results showed that 91% of the respondents were aware of these factors. Respondents explained climate change in different ways. Most of the interviewees mentioned that training was their source of information, while others had mixed answers on how they were aware of climate change and variability. The extent to which respondents were aware of climate change and variability were as follows: 56% medium, 32% high, and 12% low awareness. Regarding how the respondents got information about climate change, 54% of the respondents got the information from formal studies and trainings, 27% from the media and through informal studies, while 19% got it through local perceptions of climate change and variability identification.
The data for rainfall plotted in Figure 6 showed that there was not much difference in the rainfall amount from 1995 to 2017 for the upper, lower and middle Mkoji. Figure 6 shows a decrease in the rainfall in 2005, with a rainfall amount below 500 mm in both the middle and lower zones of the sub-catchment as it was reported during the interviews and the FGD, which mentioned that there were seasonal and spatial rainfall changes with early starts and early stops of rainfall compared to the previous years. It was also reported that there was a change in the duration of the rainfall. Changes in rainfall patterns were reported to be a reason for birds' migration to other areas in the dry seasons due to the drying up of the rivers and the disappearance of riparian vegetation.
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The data for rainfall plotted in Figure 6 showed that there was not much difference in the rainfall amount from 1995 to 2017 for the upper, lower and middle Mkoji. Figure 6 shows a decrease in the rainfall in 2005, with a rainfall amount below 500 mm in both the middle and lower zones of the subcatchment as it was reported during the interviews and the FGD, which mentioned that there were seasonal and spatial rainfall changes with early starts and early stops of rainfall compared to the previous years. It was also reported that there was a change in the duration of the rainfall. Changes in rainfall patterns were reported to be a reason for birds' migration to other areas in the dry seasons due to the drying up of the rivers and the disappearance of riparian vegetation. Evaporation data showed a variation within the sub-catchment zones, with a low rate of evaporation at a higher altitude and high rate of evaporation in the lower Mkoji. Results from the evaporation pan method were 2430 mm/year at Igurusi (the middle zone) and 1890 mm/year in Mbeya (the upper zone). In this regard, many farmers reported that climate change affected crop water requirements by increasing water demand for the irrigation activities.
Statistical analysis showed no significant direct correlation between the flow of the water in the rivers and the rainfall in the area. However, an indirect relationship can be seen in the wet season as the high rainfall influenced high flows while low rainfall had low flows. In other words, the longer the rainy season, the longer the high flows, and vice versa.
WUAs' Role in Climate Change Mitigation Measures
Some of the WUAs acknowledged that training opportunities regarding climate change and variability issues were given in their areas while others had not received training. WUAs were engaged in planting trees near the water resources and along the river banks in collaboration with the Tanzania Forest Service Agency (TFS) as a kind of restoration and climate mitigation strategy to increase the infiltration and holding capacity of the water and to reduce evaporation rates. WUAs also reported the awareness they have on the contributions of trees in increasing humus content in the soil and reducing the problem of infertile and unsuitable soil for cultivation. Crop rotation and crop changes were among the strategies that WUAs suggested for mitigating climate change and variability in the area. They suggested that crops that used a small amount of water and took a short time to mature should be considered by farmers for water use efficiency in the Mkoji area. Water rationing through crop changes would make it possible for farmers to harvest even during the dry season despite the shortage of water. Farmers indicated that planting drought-resistant crops such as millet and sorghum and early maturing varieties such as beans were important strategies during drought years as a measure of reducing risks and maximising returns. NGOs were reported to be involved in the WUA awareness activities. During the FGDs with the upper Mkoji association, it was reported that they had a project with the African Wildlife Foundation (AWF) on raising awareness of WUAs on afforestation and reforestation programs in the springs to restore water flow in the sub-catchment as it is located in the upstream, the origin of most of the water resources.
WUAs reported that the use of climate information and hydrological data in water rotation and water allocation for the irrigation made it possible for them to manage the allocation of water in the irrigation schemes while managing the environmental flow within the rivers without harming the water resources. They also reported that the data were useful for forecasting the agricultural season and advising farmers on the situation. Variability in terms of the duration or amount of the rainfall necessitated the use of sustainable practices to mitigate the climate's influences on land degradation. The data also helped WUAs in the management of the water resources by advising the farmers on the reduction of the land size for cultivation depending on the available water.
Statistical Analysis
Statistical data showed that there was a significant correlation between the flow and the aquatic ecosystem. The statistical relationship was in line with the primary data collected from various sources and as explained above: 89% agreed on the decreased flow, from which 75% of the respondents agreed on the decrease in the fish catch in the sub-catchment due to many reasons such as the change of the flow, drying up of rivers, the change of the rivers and land use changes.
This statistical relationship, shown in Table 3 , shows that as rainfall increases, the aquatic ecosystem gets better, and as rainfall decreases, the aquatic ecosystem gets worse. In this regard, rainfall increases the flow of water in the river, which increases the number of refugia and habitats for fish, the nutrient load and food fir fish. Table 3 . Correlation between the aquatic ecosystem and the flows. 
Conclusions
This paper aimed to assess the role of WUAs in Tanzania, taking the Mkoji sub-catchment as a case study. Questionnaires, interviews, focus group discussions, government documents and scientific papers were the main sources of information for the used method and the achieved results. The paper concluded that WUAs had played a role in the restoration of the decreased environmental flow and the degraded freshwater ecosystem through the use of various strategies in managing water resources and restoring land. Moreover, WUAs were aware of climate change effects; therefore, they worked together with other NGOs and governmental bodies on some mitigation measures and activities by addressing water scarcity in agriculture according to the water resource management act and the environmental management act of Tanzania. WUAs played a good role in helping farmers regarding crops rotation, patterns and selection, in addition to managing irrigation practices, which have reduced the conflicts in the river basin in general.
However, WUAs need more support and cooperation to give positive results regarding water shortages and the drying up of some of rivers. Consequently, the government and non-governmental organizations should implement more specific resources (funds, trainings and infrastructure such as storage facilities). Therefore, water basin authorities should support and contribute to the capacity building and increase the awareness of the WUAs in order to strengthen their roles in managing water resources, and the ministry of water and irrigation should give more focus and conduct more studies regarding the environmental flow issue in the basin. 
